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Automated Composition Algorithm for Gentle Music Based on Pitch Melody Unit

CAO Xi-Zheng! MAO Wen-Tao! QIAO Kun! CHENG Xiao-Li' CAI Hui-Juan® WEN Hui-Ming?

Abstract In this paper, an automated music composition algorithm for gentle music is proposed based on pitch melody
unit (PMU) which is the minimal operation unit. Firstly, several algorithmic rule models are constructed according to the
melody characteristic of gentle music. Secondly, the 1st-order and 2nd-order PMUs are defined, and a model is further
constructed to automatically generate pitch melody unit transition tables (PMUTTSs) which are the expression of link
probability of two adjacent PMUs. Then, the basic data for melody computing are obtained. Thirdly, four operators of
melody computing are defined to generate a new PMU, phrase, sentence, and music, respectively. Finally, the gentle music
can be produced automatically. Experimental results demonstrate that this PMU-based approach can make the obtained
melody more logical and aesthetic than the Markov model approach which is based on operating notes.
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SRS W 4/4; WA N S 1 =
By W 75 f0/ 0% NTEE N = 240 SRR R
VC++.

3.1 M-PMU-DV &:xB9{Emh 214

T ROE SR S E, KRR T AN
FFm, wE 1 PR, BN S AR BOIWR L 2
1 PMU (A = T) KIKHk “1.5, 0.57, “—6, 17,
“1, 17, “1, 17, “1, 0.5, 0.5”, “6”. GI4F 1000 &
SR TR SRR 5.3 B, AR T S 44 A X
hCER w T (BEH TN HAL).mid”, BEMLIERE T
W) 3 E, HSCE A A 42 i (BT
Rr)7 55 335 1 (e oo R shr)” Al <3 898 1 (Jig
ook L), HORIES A 2(a) B 3(a) A
4(a) B~ (0] % 5% http://19189377.5sing.com /5§
http://caoxizhengzuoqu.space.a8.com/, Wi 'EA]
XF VR4 mp3 S ).

FIRB EIhs: BIFR
fesa2im 1.5,0.5 234238 1.1 f2sa2m 1.0.5,0.5
RIEET [61 RIEET [11 EIEET [6
F154 154 F154
ssmrTRE mEssmsl L sswemel
mATATHE o meAmATEE o meswATmE
Fe5A 220 FefA)
ssmhTR mEwssEsl L ssweeel
mAATHE o meswAmRE o meswATmE
FH e

SHER R EhERE 1000 B |

SR ST A) e i)

Fig.1 Interface of music structure setting
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Fig.5 Scores of “Hometown of the scenery”

2) AT lE AR DS N AL SR 5
O R, JF BEAT R Rk, Wk 2 P

(5 0 P 5 W 4 R); A R 17 7 BN 404
{31 0 A I (4P 910 B A0 1 B 0 231, e 3 (1M
i L e, % (L B0 i 26) A 4
PR,

3) GE SRl 4458 1 AR R RIRA fL %
2 AT, 15 1~ Gy 2[5 4B
H(Cs JZATRIT —FINHLE), AT 1~ 8 Frh
55 1 ANK TS TR BHLEC 5 FTx i
Iy T AR B, MR BT AR s 8.
VR R 7423 B T 24 RO (R 1. AR 8 2 060/
24 A SE— R MAOBIE. 5 T 5 M-PMU-DV
STk EL A, X AL O 1000 B, 5 BT SCH
SN I B (B GT) mid”, % BB 3
LSO S 42 0 (B L <
335 ¥ (F 15 W An)” BN 898 B (AE N
fr), HCERWA I 2 (b) 3 (b) AU 4 (b) B
7N,

ST 0 T AP A2 A AT X LSBT

H2 BRI R
Table 2  Row sums of transition frequence of pitches
5 R iRk 0 -5 —6 1 2 3 5 6
0 2 3 3 3 3 3 3 3
-5 0 0 4 4 4 4 4 4
—6 0 0 0 4 4 7 8 8
1 0 0 4 4 10 12 13 13
2 0 0 0 7 7 12 12 12
3 0 3 3 3 11 13 14 14
5 0 0 0 0 0 3 5 10
6 1 1 1 1 1 1 6 6
#3 NS
Table 3  Coding of duration array of every bar
5 /NS IE P 1 e 4 ity &5 /NIRRT A1 K ity
1, 1, 0.5, 0.5, 0.5, 0.5 1 1.5,0.5,1,1 8
2.5, 0.25, 0.25, 0.75, 0.25 2 0.25, 0.25, 2.5, 0.5, 0.25, 0.25 9
2.5, 0.5, 0.5, 0.5 3 1.5, 0.5, 1, 0.5, 0.5 10
1.5, 0.5, 1, 0.5, 0.25, 0.25 4 0.25, 0.25, 2.5, 0.75, 0.25 11
2.5, 0.25, 0.25, 1 5 3, 0.5, 0.5 12
3,1 6 0.25, 0.25, 2, 0.25, 0.25, 1 13
3, 0.5, 0.25, 0.25 7 4 14
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K4 WEFIVERE L R 2t
Table 4 Row sums of transition frequence of duration arrays

I EL 91 4 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
2 0 0 2 3 3 3 3 3 3 3 3 3 3 3
3 0 1 1 1 2 2 2 2 2 2 2 2 2 2
4 0 1 1 1 1 1 1 1 1 1 1 1 1 1
5 0 0 0 0 0 1 1 1 1 1 1 1 1 1
6 0 0 0 0 0 0 1 1 1 1 1 1 1 1
7 0 0 0 0 0 0 0 1 1 1 1 1 1 1
8 0 0 0 0 0 0 0 0 1 1 1 1 1 1
9 0 0 0 0 0 0 0 0 0 1 1 1 1 1
10 0 0 0 0 0 0 0 0 0 0 1 1 1 1
11 0 0 0 0 0 0 0 0 0 0 0 1 1 1
12 0 0 0 0 0 0 0 0 0 0 0 0 1 1
13 0 0 0 0 0 0 0 0 0 0 0 0 0 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1

3.3 EERRVIERAIENTEE

Al e A1 ot 2 1) LE AR L 12 A G A e A it
TR KPR T8, 25 T8 B F IR J —AN JEPR B £
Gi— Ak, X BRIV 25 VN R 5, R
5 K T X HIB T FOUL AN 5 SO T 45 R,
HohZ 7 P VER A2 th 30 A1 R lh 25 5T
M o3 B B (VRO T, SR Pl o 1) 2R i A 4 R
MIDI ST, SR 5544 mp3), S0P A a6 1 i
B A1 10 AL dEB AT 20 A, ZREVEMME =
TAL N LV 1P ME * 0.6 + AR A LVEA
SEIH + 0.4, (LR 5 TSI RN ¥ W] R 1y
1624 100 .

MK 2 (a) K 3 (a) AT 4 (a) FTLLEH, SR
AR ER KRR, SRR FRR, KB
)4 F SO, S 17 ANATTRAG b i, I
2(b). ¥ 3 (b) A 4 (b) nILUEH, FRAAHE, &
E N RSN REY G BUR PRy I NN Y s
ALK A AR RSO K B 28 K & il AN, fE Tt
S RIS AN 17 N1 TS,

M 6 ¥RbR T LA, M-PMU-DV Hi% 5
I-N-M SEVEAHEL, FEAH AR SR 57 R A1) 1) 5% B O
FARET (6 — 2)/2 = 2 5, 15 IR 8 4R %
FEAF 3 T ORWRER T, 76 5% ) 45 A A B R b
FET (1 —0.29)/0.29 = 2.45 {5, 15355k 45k 5
FEE 7E m W I ARBLEE |, M-PMU-DV 57564
R TR EAT RAFRCR, i I-N-MS
LT AR RS2 AN B SR s i A AT AR A
b BRET (98.4% — 87.4%)/87.4% = 0.13 1%, X

AN AR FEAANBE VI 4 ), K I-N-M 52
HENLAE IR AT SR B, E RN AN I 2 I R AR
5 R HRE S B M-PMU-DV 835+
B 5 B A%, BT IR AL T I-N-M S
TERIIAHL, AFAE—ERIR R AR 5 BRR AT L
3, M-PMU-DV F3EGIER K& 5 M-PMU-DV
FOLGMER IR S AL, ESR R iR T (82.2 —
40.6)/40.6 = 1.02 fif, fEFMP L L, $2m T
(88.6 — 53.7)/53.7 = 0.65 .

34 BIEMERENLE

F 8 HIH T I ) 5 A% FE RN A% (] 52 2% FE 6] L,
Horp R Bl 2 AR [F — S AL Lis AT AR 2, B
& Windows XP, CPU i3-2100, 1% 4 G.

MW 8 W LLE H, M-PMU-DV £ 5 M-
PMU-DV $TyEAH L, 7E25 (8] by A J7 TH, W SEA
FEF, (HFEIEL .

4 BEEFRE

ASCNH T E BIE IR AN T, g5 S
IR AT RABE I AE A o A7 AE 1R 1) R T ) 2 A AR
P T M TS T AR i e
TRV B RS SRA R T E
R R RN RGP L, B U T — B ALy PMU,
TR PE 1T 22 TR A W IF I T 2K PMUTT:
PMUTT 111, PMUTTo1 1 PMUTT115. 751
AT TR ISR, BT 4 ANET R A
BOHT ) PMU. AR5 SRAJFISR M. 700 SHE AT A
S, S TR SRR IS BRI
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Table 5  Objective evaluation indexes

ELA

FRBRIC RS M

AR EUR AR RAR KL R

ISR E M E MR E L S
IR P

WRMABKVR T BRAER R LAAEEER (R EE O ER) . il (™ Bl sd B h i) . xTE.
B G &S SR A, AR AR EUR AR, R S BA R RS A A Sok #or

S e R L PR B D RN YRR B 2 () /N R0 B A
AR B3 B R AT B8 v A 2% DB R RT3 e (VR MIDI #5)
5 R RIS i) SRR AE, SRR A AR QPSS A () SRR 4 BERLAY, W R al A e A & 5

ﬁu\k{l\ﬂ‘ - S T Y T iy S S B A S
R I A A 2SRRI P2 Mok

R EHRTIIT Y B

IR A AR S AT SRR 8 FERL L, WS TR E AR U S [N, WA A5 A B

BEATR T IR R R BB AE M, b BT B A IR ], W AR IR Rt IR &4

FK6  HMIFN LR

Table 6 Comparison of the objective evaluation results
Eiztan M-PMU-DV #3% I-N-M &
42 335 H %898 H A2y %335 1 898 H
e TN ZEE VTN

(H2(a)) (3 (a)) (H 4(a)) (K2 (b)) (13 (b)) (K 4 (b))
R 6 6 6 6 2 2 2
S 4/4 =1 4/4=1 4/4 =1 1 3/9 = 0.33 2/9 = 0.22 2/6 = 0.33 0.29
P 73.1-64.4 =87 728-63.5 =93 75.2-62.8 =124 10.13 62.1-61.6 =0.5 67.4—-66.9 =0.5 61.7-62.6 = —0.9 0.03
I 99/102 =97.1% 101/102 =99.0% 98/99 = 99.0% 98.4% 88/104 = 84.6% 100/112 = 89.3% 91/103 = 88.3% 87.4%
B 0 0 0 0 5/104 = 4.8% 1/112 =0.9% 6/103 = 5.8% 3.8%

T I EE R
Table 7 Comparison of the subjective evaluation results
£z M-PMU-DV #fik I-N-M 5
42 %335 1 35 898 B 42y #3351 % 898 1
LEE TR AV
(H2(a) (H3(a) (M 4(a)) (H2() (E3((®)  (H4(b)
SR 85.6 79.2 81.8 82.2 38.9 42.7 40.3 40.6
TR B 15 88.9 86.7 90.3 88.6 51.7 60.4 49.1 53.7
®8  HIEEREN
Table 8 Comparison of algorithmic complexity
v I 1) 53 2% B KRB I R

WHEN Cpyu = Cp + Cp, Hh Cp. Cp 41351
JE PMU RN R at, AR 1 ARl
FHIEN 5.3 %0

SR Cy = Cy + Co, Hth Cy AZ0FCAH S

M-PMU-DV 5%

I-N-M 5 BRI, Cy WBAEER IR, Co ik
T 2(Cp+Cp), K 1 HIRHFIIFEN 11.8 =
XS4 WE T KL F I

Spmu = Spmua + Spvmurt + Spyuve, HH Spavua
 PMU 19700, Spyore A PMUTT (5=,
Spyue AERAEREYL 170

SN = Sna+ Sno, H Snya K EFFEHE 1 A ),
Sno MEERBLS NN (Sna M Sparva TAMASE,
Sno —RKTEET 2Spymuo, AHT Spyurr WAFLE,
{13 Spau A Sy IEAUASE)

HAFFF
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2 W SEW Ay B KL, M-PMU-DV 53k 5 DL
P50 A B DL S N O AR S IR SR AR L,
P sk A

1) Tl oeE—A “Huklrma e, ik
BREADS TR, 0T e A S O — e M E X, B
H A R P e A 1R B 2 B KR R IA &
BRZ, R — AR s Sk A s s — e &
SCHY SR il T DA A A B AR AR SR I A
T H A A AT X, PR el AR 1l 1) e 4
FEAESZ . 55 R R A,
M-PMU-DV Sk T 2 4T /R 0] KA (R bl =
PEfe) 8 A TR T n 4 T AR AT SRR AR PR A LA
]

2) SRR T A B A R R e e R 1
RSP T FEREECE SR A . ik Ak
G [RIRF RAE & 20 B AT SR I 4 2% 53 119 77 V24
Lb, & T m o RS S e AR R TR R, 5
TN CATVE S, B 07 B S I AERL X A LE,
TR T LA A4 1) L [RL IS T R R R 4R e A T
FNTBEE N, XFEEESEIL T Bahth, ARIET —5E
T BE 1) R TG

3) HXSFIVEA AR M, RS T AR
SR FN SR i B AL ZR I AR ) L, AR A U R
R 2 DL Z2 RO Pt o 1 UK Sk SR sty BT 1 (1) %) 52
A B A T AT I LA B AR i 4 K 22 B A
ANTRIREE B, B ] B 1) J LA SR A 25, i LT 17 1)
o GAELEANE W .

AR SRR AL 2 AT B — DI %
SVEAE A B R AR IR e A I 2 R I SR BR A, A
NERFBEEERE — NN TSN Z, $3
B E T R I B 2, X FERALAR — AN/
(1) v 4 () I8 A2 1) A A TR 7 ) R . AR X
AR, AT 2 REK e A T A A A H B R
XFEFEAL A E AN B2, HEl K e e s
SEMA A I R AEPE, DR S I 95 A 1) 8, 4 v
PRI L 1 v BT,
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